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Abstract
Aim: To document how children in the WHO Multicentre Growth Reference Study (MGRS) complied with feeding criteria
and describe the breastfeeding practices of the compliant group. Methods: The MGRS longitudinal component followed
1743 mother/infant pairs from birth to 24 mo in six countries (Brazil, Ghana, India, Norway, Oman and the USA). The
study included three criteria for compliance with recommended feeding practices that were monitored at each follow-up
visit through food frequency reports and 24-h dietary recalls. Trained lactation counsellors visited participating mothers
frequently in the first months after delivery to help with breastfeeding initiation and prevent and resolve lactation problems.
Results: Of the 1743 enrolled newborns, 903 (51.8%) completed the follow-up and complied with the three feeding criteria.
Three quarters (74.7%) of the infants were exclusively/predominantly breastfed for at least 4 mo, 99.5% were started on
complementary foods by 6 mo of age, and 68.3% were partially breastfed until at least age 12 mo. Compliance varied across
sites (lowest in Brazil and highest in Ghana) based on their initial baseline breastfeeding levels and sociocultural
characteristics. Median breastfeeding frequency among compliant infants was 10, 9, 7 and 5 feeds per day at 3, 6, 9 and 12
mo, respectively. Compliant mothers were less likely to be employed, more likely to have had a vaginal delivery, and fewer of
them were primiparous. Pacifier use was more prevalent in the non-compliant group.
Conclusion: The MGRS lactation support teams were successful in enhancing breastfeeding practices and achieving high
rates of compliance with the feeding criteria required for the construction of the new growth standards.
Key Words: Breastfeeding, child nutrition, growth curves, growth standards, infant feeding practices
Introduction
Growth charts are essential instruments in the pae-
diatric toolkit. Their value resides in helping deter-
mine the degree to which physiological needs for
growth and development are being met during the
important childhood period. However, interpretation
of the adequacy of growth is highly dependent on the
reference data used and may be erroneous if the
reference used does not adequately represent physio-
logical growth.
The growth reference recommended for interna-
tional use since the late 1970s*/the National Center
for Health Statistics/World Health Organization
(NCHS/WHO) reference*/has been shown to have
a number of drawbacks that make it inappropriate for
assessing infant growth [1/3]. One of its most
important limitations is that it is based on a sample
of predominantly formula-fed infants whose pattern
of growth has been demonstrated to deviate substan-
tially from that of healthy breastfed infants [4,5]. The
divergence between the growth pattern of healthy
breastfed infants and other national growth references
that are likewise largely based on formula-fed infants
has also been documented [6,7].
Recognizing the shortcomings of the NCHS/WHO
international growth reference, in 1994 WHO began
planning for the development of new standards which,
unlike the current reference, would be based on an
international sample of healthy breastfed infants and
would portray how children should grow in all
countries rather than merely describing how they
grew at a particular time and place [8,9]. The WHO
Multicentre Growth Reference Study (MGRS), un-
dertaken between 1997 and 2003, focused on the
collection of growth and related data from 8440
children from widely differing ethnic backgrounds
and cultural settings (Brazil, Ghana, India, Norway,
Oman and the USA) [10]. As described elsewhere
[10], breastfeeding practices were one of the primary
criteria used to select study sites. The intention was to
choose populations where breastfeeding was com-
monly practised and provide lactation support to
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mothers enrolled in the study to help them comply
with the feeding criteria required to construct the new
standards. This paper documents how the children in
the MGRS sample complied with the study’s feeding
criteria in infancy and describes in detail the breast-
feeding practices of the feeding-compliant group.
Methods
The MGRS was a population-based study undertaken
in the cities of Davis, California, USA; Muscat,
Oman; Oslo, Norway; Pelotas, Brazil; and selected
affluent neighbourhoods of Accra, Ghana, and South
Delhi, India. The MGRS protocol and its implemen-
tation at the six sites are described in detail elsewhere
[11]. The MGRS combined a longitudinal compo-
nent from birth to 24 mo of age with a cross-sectional
component of children aged 18 to 71 mo. In the
longitudinal component, mothers and newborns were
screened and enrolled at birth and visited at home at
weeks 1, 2, 4 and 6; monthly from 2/12 mo; and
bimonthly in the second year. This paper describes
infant feeding practices in the longitudinal sample.
The MGRS included three compliance criteria
regarding feeding for children to be included in the
growth standards sample: 1) exclusive or predominant
breastfeeding for at least 4 mo (120 d); 2) introduc-
tion of complementary foods between 4 and 6 mo
(120 to 180 d); and 3) partial breastfeeding to be
continued up to at least 12 mo (365 d). Concerning
the first criterion, it is important to note that the
MGRS was initiated before WHO’s policy on the
optimal duration of exclusive breastfeeding changed
in 2001 from ‘‘4 to 6 months’’ to ‘‘6 months’’ [12].
Nevertheless, the national policies at three study sites
(Brazil, Ghana and India) already recommended
6 mo, and participating mothers in all sites were
advised to breastfeed their infants exclusively for as
close as possible to 6 mo. For children to be included
in the growth standards sample, a fourth criterion,
maternal non-smoking, was required.
The MGRS study sites were selected on the basis
that a minimum of 20% of mothers in the study’s
subpopulations were willing to follow the feeding
compliance criteria [10]. Mothers were screened at
the time of enrolment and those not intending to
breastfeed were considered ineligible for the study. In
Oman and the USA, screening with regard to child
feeding intentions was more stringent: only mothers
willing to breastfeed exclusively for at least 4 mo, and
to continue breastfeeding up to at least 12 mo of age,
were enrolled [13,14].
To ensure a high level of compliance with the three
feeding criteria among participating mothers, lacta-
tion counselling was made an essential part of the
MGRS. Lactation counselling, which was provided by
trained lactation counsellors at each site, was designed
to help with initiating breastfeeding soon after deliv-
ery, preventing and resolving lactation problems, and
sustaining exclusive/predominant breastfeeding
through 4 mo and partial breastfeeding through at
least 12 mo. The first visit by a lactation counsellor
took place within 24 h of delivery, and subsequent
visits occurred at 7, 14 and 30 d, and monthly
thereafter until the sixth month. A 24-h hotline was
also made available to mothers for emergency sup-
port. Additional visits were carried out whenever
feeding problems occurred. Compliance with the
feeding criteria was monitored centrally and lactation
counselling strengthened as required. Local logistics
of the breastfeeding support systems and lactation
counselling teams in the six sites are described else-
where [13/18]. Mothers also received advice on
complementary feeding according to locally adapted
guidelines. Complementary feeding practices of the
MGRS sample are described in a companion paper in
this supplement [19].
Exclusive breastfeeding was defined as the infant
receiving only breast milk from his/her mother or a
wet-nurse, or expressed breast milk, and no other
liquids or solids with the exception of drops or syrups
consisting of vitamins, mineral supplements or med-
icines [10]. Predominant breastfeeding consisted of
breast milk as the infant’s predominant source of
nourishment, but the infant could also receive water
and water-based drinks (e.g. sweetened and flavoured
water, teas, infusions), fruit juice, oral rehydration
solution and ritual fluids (in limited quantities) [10].
Compliance with exclusive/predominant breast-
feeding was assessed from birth to age 4 mo (visits
1/6) using the cumulative frequency of non-compli-
ant days (i.e. the baby received infant formula or other
milk than breast milk and/or more than one teaspoon
of solid or semi-solid food). As soon as the number of
days of such non-compliance exceeded 12, the child
was marked as non-compliant for that and subsequent
visits. Timely introduction of complementary foods
was assessed from 6 to 12 mo (visits 8/14) on the
basis of solid/semi-solid food consumption. Contin-
ued breastfeeding until at least 12 mo of age was
assessed throughout the first year. Children classified
as non-compliant were marked as such for the index
and subsequent visits.
Data on feeding practices were collected at each of
the follow-up visits [10]. Food frequency reports
were used to describe the intake of breast milk, other
fluids and milks, and solid and semi-solid foods in
the intervals between visits. More detailed data on
typical daily feeding were collected by 24-h dietary
recalls on what the child ate or drank during each of
seven time periods throughout the day. In addition to
data collected by follow-up teams, lactation counsel-
lors collected in-hospital information on breastfeed-
ing initiation and at-home information on the
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establishment of lactation, problems experienced in
the first 2 wk, and practices with potentially adverse
influences on continued lactation (e.g. pacifier use)
[10].
Results
Table I describes the MGRS sample according to
compliance with feeding recommendations and com-
pletion of follow-up. Of the 1743 enrolled newborns,
903 (51.8%) completed the 24-mo follow-up and met
the three operational criteria for compliance with
feeding recommendations. Fifteen other children
whose mothers did not comply with the study’s no-
smoking criterion and six with morbid conditions
known to affect child growth were further excluded to
obtain the sample (n/882) from the MGRS long-
itudinal component that was used to construct the
growth standards [20]. Compliance was highest in
Ghana (71.1%), followed by the USA (63.0%), India
(60.2%), Norway (55.3%), Oman (53.3%) and Brazil
(23.3%). Most of the following analyses focus on the
children by compliance group who completed the
follow-up.
Table II presents maternal characteristics relevant
to breastfeeding choices by compliance group and
site. Newborns in all sites were term, single births.
Maternal age was not different by compliance group
in individual sites; however, when the sample was
pooled, the compliant group was significantly older by
about 1 y. Maternal education in Norway and Oman
was significantly different between compliance groups
but in opposite directions. For the overall sample, the
compliant group had about 1 y more of education,
which was a statistically significant difference. Over-
all, fewer mothers were employed outside the home in
the compliant compared to the non-compliant group.
Vaginal delivery was significantly higher, and rate of
primiparous mothers significantly lower, for com-
pliers for the overall sample, and no differences were
noted in either parity or prevalence of maternal
smoking (less than 1% smoked in both groups).
Figure 1 presents compliance with each of the
MGRS feeding criteria by site and for all sites
together. Overall, 74.7% of infants were exclusively
or predominantly breastfed for at least 4 mo, almost
all of them (99.5%) were started on complementary
foods by the age of 6 mo, and 68.3% were partially
breastfed to at least 12 mo of age. Compliance with
exclusive/predominant breastfeeding for at least 4 mo
was lowest in Brazil (48.6%) and highest in Ghana
(89.4%). Norway and the USA also had very high
compliance rates for this feeding criterion (86.0 and
82.6%, respectively), and the compliance rates for
India and Oman were above 65%. Compliance with
the criterion for introduction of complementary foods
was above 98% in all sites. Compliance with the third T
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feeding criterion (i.e. continued breastfeeding up to at
least 12 mo of age) was more variable across sites,
with Brazil having the lowest compliance rate (33.2%)
and Ghana and Oman the highest (83.1 and 82.3%,
respectively). Figure 2 shows the percent of overall
feeding compliance by site at each follow-up visit up
to 12 mo.
Figure 3 displays the prevalence of exclusive,
predominant and partial breastfeeding (with and
without solids), and the percent of the overall sample
not breastfed, from week 2 to 12 mo of age. This
figure shows that children classified in the exclusive/
predominant category were mainly exclusively
breastfed. Moreover, the proportion of infants exclu-
sively breastfed is somewhat underestimated as the
data showed that some children moved back and forth
between the exclusive and predominant categories
between visits. However, for the purpose of construct-
ing the figure, the classification ran only one way; that
is, once a child had been classified as predominantly
breastfed he/she was not classified back to the
exclusively breastfed category even if, at the next visit,
the child was being exclusively breastfed. The figure
also shows that the overall MGRS sample enjoyed
high breastfeeding rates, with 68.3% still being
breastfed at 12 mo.
Table III summarizes the frequency and volume of
24-h fluid intake at 6, 9 and 12 mo for compliant
children. At 3 mo there was very little consumption of
any of these fluids. It is noteworthy that Indian
mothers tended to supplement with animal milk,
while supplementation with formula seems to have
0
02
04
06
08
001
Oman All SitesNorwayGhanaBrazil
%
Exclusive/predominant breastfeeding at 4 months Initiation of complementary foods at 6 months Continued breastfeeding at 12 months
India USA
Figure 1. Compliance with MGRS feeding criteria by site and overall.
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Figure 2. Compliance with MGRS feeding criteria in infancy.
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been more common in Ghana. Tea was much more
common in Brazil, and water supplementation was
very common in Ghana, India and Oman. Overall, at
6 mo, supplementation with formula was more
common than with animal milk, while at 12 mo the
opposite was true. Water was more frequently given to
children than juice or tea.
Figure 4 shows the median breastfeeding frequency
for each country and all sites at 3, 6, 9 and 12 mo
(error bars representing the Q1/Q3 range). At any
given time, Ghana and Oman had the highest
breastfeeding frequency. The overall median breast-
feeding frequency among compliant infants was 10, 9,
7 and 5 feeds per day at 3, 6, 9 and 12 mo,
respectively.
Table IV presents the median duration of breast-
feeding by compliance group and the percent of
children still breastfeeding at 24 mo. The overall
median duration in the compliant group was 17.8 mo
versus 9.3 mo in the non-compliant group. It should
be noted that the median duration in the compliant
group is underestimated since 16.2% of the children
were still breastfeeding when follow-up was com-
pleted. Brazil, India and the USA had the largest
proportions of compliant children still breastfeeding
at 24 mo. In all sites, both the duration of breastfeed-
ing and the percent of children still breastfeeding at
24 mo were significantly lower statistically in the non-
compliant group, with the exception of Ghana and
Oman for the percent of children still breastfeeding.
Table V presents, by compliance group, the percen-
tage of newborns breastfed within 1 h of birth; median
hours after birth a baby was breastfed for the first
time; and pacifier use at 2 wk, and 3 and 6 mo. For
the overall sample, the use of pacifiers was signifi-
cantly higher at 3 and 6 mo, and Norway and the USA
had the highest prevalence of use. These data were not
available for the Brazilian site.
The most important breastfeeding problems re-
ported among compliant mothers at the week 1 visit
(data not shown) were sore nipples (27.9%), engorge-
ment (19%), too much milk (6.3%), mastitis (2.0%)
and delayed onset of milk production (2.7%). At the
week 2 visit, the prevalence of these problems had
decreased substantially: 14.6% sore nipples, 9.9%
engorgement, 3.8% too much milk and 2.3% mastitis.
Mothers in Norway and the USA most often reported
having problems. However, it is important to note that
these data were self-reported and their collection was
not standardized either across sites or among lactation
counsellors within sites. Breastfeeding problems re-
ported by non-compliant mothers did not differ
significantly from those of compliant mothers.
Discussion
The results presented here document the success of
the MGRS lactation support teams in enhancing
breastfeeding practices and achieving high rates of
compliance with the study’s feeding criteria. Overall,
54% of the sample complied with the three feeding
criteria, surpassing the expected compliance rate of
30% used to calculate the study’s sample size. This
result, coupled with a very low dropout rate (96% of
compliant children completed the 24-mo follow-up)
yielded a sample for the construction of the standards
more than double the size required to ensure stable
outer percentiles (i.e. 882 vs 400) [10].
%0
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Exclusive breastfeeding
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Predominant breastfeeding Partial breastfeeding without solids
Non-breastfed
Figure 3. Prevalence of exclusive, predominant and partial breastfeeding, and prevalence of non-breastfed infants for overall sample by age.
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Compliance with feeding recommendations var-
ied across sites depending on the initial baseline
levels of breastfeeding and the sociocultural char-
acteristics of each of the study subpopulations.
Compliance was highest in Ghana and lowest in
Brazil. Many Brazilian paediatricians recommended
use of water and tea in the early months, prescribed
formula when it was not necessary, and recom-
mended complementary foods before children were
4 mo old [21]. Nevertheless, the efforts of the
Brazilian lactation team made a substantial differ-
ence to the rates of exclusive/predominant breast-
feeding and the duration of breastfeeding, resulting
in a remarkable improvement compared to national
and local rates [21]. In Ghana, breastfeeding is the
norm, although exclusive breastfeeding rates in the
general population are low. However, the provision
of lactation support to the MGRS mothers in-
creased the exclusive breastfeeding well beyond
national levels [22].
Mothers who complied with the MGRS feeding
criteria were less likely to be employed outside the
home and more likely to have had a vaginal delivery,
and fewer were primiparous. Similarly, pacifier use
was more prevalent in the non-compliant group.
Pacifier use has been associated with early weaning
[23] and might partly explain the relatively early
termination of breastfeeding in the Norwegian site
despite long maternity leave (10 mo with 100%
salary or 12 mo with 80% salary). Maternal
education differed significantly between compliance
groups when all sites were considered simulta-
neously, i.e. more highly educated mothers were
more likely to comply with feeding criteria. How-
ever, the relationship went in opposite directions in
the individual sites (Norway and Oman) where
schooling was statistically different by compliance
group. This might suggest cultural differences in the
influence of education on breastfeeding practices.
Low rates of exclusive breastfeeding worldwide
have raised concerns about the practicality of
recommending a diet for children that occurs so
infrequently [24]. However, recent evidence de-
monstrates that community-based breastfeeding
counselling is a cost-effective way to increase
exclusive breastfeeding rates [25/28]. Experience
from the MGRS confirms this observation in six
very different settings. The breastfeeding support
team at each site served a critical role, particularly
in providing lactation support during the first week
or two after hospital discharge. Mothers were
provided with information about avoiding sore
nipples through correct breastfeeding technique,
early management of nipple trauma when it oc-
curred, prevention and early treatment of breast
engorgement, the disadvantages of early introduc-
tion of any food besides human milk, and overallT
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Figure 4. Median breastfeeding frequency among compliant infants by site and overall. B: Brazil; G: Ghana; I: India; N: Norway; O:
Oman; U: USA; A: all sites.
Table IV. Median breastfeeding duration and continued breastfeeding at 24 mo by compliance category.
Brazil Ghana India Norway Oman USA All
Compliant n 69 228 173 159 153 121 903
Non-compliant n 218 64 96 103 107 51 639
Duration of breastfeeding, median months (min., max.)
Compliant 19.5*
(12,24)
16.1*
(12.1,24)
17.8*
(12,24)
15.2*
(12,24)
23.2*
(12.3,24)
18.3*
(12,24)
17.8*
(12,24)
Non-compliant 6.3*
(0.5,24)
10.3*
(2,24)
9.4*
(2,24)
10.3*
(1,24)
17.4*
(1.5,24)
10.5*
(1.4,24)
9.3*
(0.5,24)
Percent still breastfeeding at 24 mo
Compliant 33.3* 5.7 23.1* 8.2* 11.8 32.2* 16.2*
Non-compliant 4.1* 1.6 4.2* 1.0* 9.3 5.9* 4.4*
*Statistically significant difference (p -valueB/0.05) between the compliant and non-compliant groups.
Table V. Breastfeeding initiation and pacifier use by compliance category and site.
Brazil Ghana India Norway Oman USA All
Compliant n 69 228 173 159 153 121 903
Non-compliant n 218 64 96 103 107 51 639
Baby breastfed within 1 h of birth, %
Compliant / 57.1* 23.1 84.9 96.7 77.7 65.7
Non-compliant / 40.7* 16.7 76.7 95.3 64.7 61.0
Median hours after birth baby breastfed for first time, h (min., max.)
Compliant / 5 (1,25) 4 (2,37) 2 (1,21) 2 (2,3) 2 (2,8) 4 (1,37)
Non-compliant / 6 (2,28) 5 (2,50) 3 (1,20) 2 (1,5) 2 (2,25) 4 (1,50)
Use of pacifier at 2 wk, %
Compliant / 3.3 0.6 18.2 0.0 12.4 6.4
Non-compliant / 1.8 1.0 18.6 0.9 3.9 5.8
Use of pacifier at 3 mo, %
Compliant / 3.2 0.6 44.3* 2.0 41.7 16.0*
Non-compliant / 8.5 1.0 61.0* 2.9 45.1 23.0*
Use of pacifier at 6 mo, %
Compliant / 2.4 0.6 47.5 1.3* 41.3 16.3*
Non-compliant / 1.9 0.0 60.2 5.8* 42.0 22.1*
*Statistically significant difference (p -valueB/0.05) between the compliant and non-compliant groups.
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raised consciousness regarding the importance of
breastfeeding for mothers and babies. The challenge
is to extend this support, including guidance on
breastfeeding techniques and ways to resolve pro-
blems, ideally as part of routine health services for the
entire population.
The MGRS was designed to construct growth
standards based on healthy breastfed infants and
thereby establish coherence with national [29] and
international [12] infant feeding guidelines that re-
commend breastfeeding as the optimal source of
nutrition during infancy. Recognizing the adequacy
of human milk to support not only healthy growth
[24,29,30] but also cognitive development [31] and
long-term health [32,33], the resulting growth stan-
dards [20] are recommended for application to all
children independently of type of feeding.
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